Abstract. The response to axial strain of a hollow core photonic band gap fiber(HC-PBF) is investigated. The fiber is designed to operate at 1550nm which have shown to be highly dependent on the exact fiber structure. The relationship between axial strain and confinement loss as well as refractive index is calculated using full vector finite element method. An experimental platform is built to test the effects of axial strain on loss and refractive index, results show that the change rate of loss vs. axial strain is 10(dB/km)/g, and for refractive index is 12.71 × 10 -6 /g. Analysis demonstretes that the axial strain has great influence on the loss and the refractive index of HC-PBF, which laid a foundation for HC-PBF optic sensing applications
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The cla material of strain acts Therefore, at the core The disp as shown i the close to 50g, which mulation mo ure is select re photonic f the structu The Im(β) is the imaginary part of the propagation constant. By adding different axial strain, we could obtain a series of propagation constant values. Then the confinement loss under different axial strain is calculated according to equation (1) , as shown in figure 4 . Figure 4 show that when the axial strain is under 40g, the it has little influence on the confinement loss of the HC-PBF. However, the confinement loss increases rapidly when the axial strain goes up to 40g. Compared with figure 3, we could see that the increase of confinement is caused by the increase of displacement of the HC-PBF when the axial strain is larger than 40g.
Effects of the axial strain on refractive index
The propagation constant was calculated by solving the Maxwell's equation. With the real part of the propagation constant [8] , the refractive index can be solved expressed as follows:
k 0 is the wave number in the vacuum, and n eff is the refractive index of the HC-PBF. From the above formula, the refractive index of the HC-PBF can be calculated through the propagation constant real part. When the axial strain acts on the HC-PBF the structure of the HC-PBF take place minimum displacement, which lead refractive index of the HC-PBF to change. With different axial strain values, a series of refractive index values was calculated. As is shown in figure 5 , with the axial strain increasing, the refractive index of the HC-PBF changes greatly. And the rate of the refractive index is 0.02×10-6/g. 
Experiment
In order to verify the simulation results, experiments were carried out to test the variation of the loss and refractive index caused by the axial strain. The HC-PBF with a length of 1.7m was tested to analyze the influence of axial strain on the variation of loss. And the effect of axial strain on the variation of refractive index was analyzed by testing the HC-PBF with a length of 20cm. In the experiment, the two ends of the HC-PBF were connected with the light source and the power meter, separately. In order to test the variation of output power and refractive index under different axial strains, one end of the fiber is fixed, and the other end is put strain. The loss values of SMF under different axial strains were also tested for contrast and comparison with HC-PBF. Figure 6 gives the schematic diagram.
Figure 6
The principle diagram of the HC-PBF loss test
Influence of axial strain on the HC-PBF loss
The output power values were tested and recorded under different axial strains as well as under no axial strain. The loss of the HC-PBF can be calculated by formula (3) [9] .
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P in is the input optical power, and P out is the output optical power. L represents the fiber length. Assume that the output optical powers under two different axial strains are P 1 and P 2 , respectively. The loss variation between the two tests can be calculated by formula (4). Figure 7 gives the experimental data and fitting curves of the loss variation of HC-PBF and SMF. It can be seen that, the loss variation is approximate to exponential growth with the axial strain increasing, and the maximal loss variation of the HC-PBF is about 10dB/km corresponding to a axial strain of 500g. However, the loss variation of SMF is almost unchanged in the range of 0~500 g axial strain. Both the simulation result and experimental result indicated that the loss of HC-PBF can be influenced by axial strain remarkably. 
Influence of the axial tension on HC-PBF refractive index
Based on the M-Z interference method [10] we designed the experiment to test the axial strain influence of the axial on the refractive index of the HC-PBF. The interference light field intensity is detected by the photoelectric detector. The schematic diagram is shown in Figure 8 . We select the the laser light source at 1550nm and the photoelectric detector convert the light field intensity into a voltage value. The digital oscilloscope shows the voltage changes. According to the different numbers of voltage peak, The change of the optical path can be calculated. Therefore, the relationship between the change of the optical path and the axial strain can be obtained. As a comparison, the refractive index of traditional single mode fiber is measured. Figure 8 The principle diagram of the HC-PBF refractive index test From the principle of figure 8, when the reference light path without change, ΔS' is the optical path difference between the two optical pass without stress.
The length of HC-PBF fiber is L and its refractive index is n, the variation ΔS of the optical path difference is as the formula (6)
In the process of the experiment, the HC-PBF will be elongated due to the applying axial strain on the HC-PBF, so both of the refractive index of the fiber and the fiber length would change. The optical path variation is:
The applying axial strain is F, the interface area of the fiber is S, the Principal stress of the fiber is σ, the Young's modulus is E, and the strain is ε. According to these formulas,
According to the experimental data, we can draw the figure 9. Because the optical path difference cannot be obtained accurately, so there will be a λ error within the experimental data. The red solid line is the fitting curve of the HC-PBF refractive index difference changes over the axial strain and the black fitting curve is the ordinary single-mode fiber refractive index difference changes with axial strain. By the tendency of the curve, HC-PBF is sensitive to stress more, whose rate of changing is 12.71×10 -6 /g. Single mode optical fiber sensitivity to stress is weaker than HC-PBF and its changing rate is 8.051×10 -6 /g. Both of the two kinds of fiber refractive index difference is a linear change along with the changing stress.
Fig 9 The optical path caused by axial strain
From the integrated simulation and experimental data, it can be concluded that the axial strain on the refractive index of the HC-PBF is more sensitive than single mode optical fiber. And the refractive index of the hollow core photonic band gap fiber has a linear proportional relationship with the axial strain.
Conclusion
Simulation and experimental results shows that axial strain of hollow core photonic band gap has great influence on the loss of the fiber, i.e. loss growth exponential with axial strain. Result provides the data support for fiber optic gyro applications. The refractive index of hollow core photonic band gap fiber is linearly proportional to axial strain, which laid the foundation for hollow core photonic band gap fibers used in axial strain sensor. 
